Application
Texas. Lang, 1956) increased carrying capacity and forage production. Use of fertilizer on dryland ranges is also a practical means of increasing forage production in certain situations. However, some range fertilization studies have shown erratic or undesirable effects. Huffine and Elder (1960) in Oklahoma found that fertilized native pastures produced 2 to 5 times more weeds (by weight) than did unfertilized pastures. On the other hand, in southeastern Arizona blue grama responded consistently to fertilizer applications (Honnas et al., 1959) . Similarly, results from a 6-year study in North Dakota showed that 2 years of fertilization, with 90 lb of nitrogen on a heavily grazed pasture, did more to improve range condition and production than did 6 years without grazing (Rogler and Lorenz, 1957) . Studies in western South Dakota indicated that maximum forage production from utilizing runoff water could not be obtained without fertilization (Cosper and Thomas, 1961) .
In the Northern Great Plains, forage yields from native ranges in poor to fair condition seldom exceed 600 lb/acre even in years of 15 inches or more precipitation. Little information is available on the effect of fertilizer on species composition and nutrient uptake on native rangeland. Generally, cool-season grasses responded to nitrogen fertilizer (Rogler and Lorenz, 1957) . In order to evaluate potential forage production, in. addition to other effects of fertilization, two native ranges in northeastern Wyoming were selected for study. The economics of rangeland fertilization was not investigated.
Experimental Area and
Procedure Site A was located approximately 11 miles north and site B, 6 miles east of Sundance, Wyoming. Due to the influence of the neighboring Black Hills, precipitation at the two sites varies somewhat from that recorded at Sundance (Table 1) . Normally, 45% of the annual precipitation comes in April, May and June. Day temperatures in the summer very often reach 90 to lOOF. Winter temperatures may go as low as minus 30F. Drouths are frequent. In 1961 lack of precipitation limited plant growth and forage yields were not taken.
The soils at the two locations were similar in that each developed from very fine sandy and silty parent materials weathered from fine-grained sandstones. At site A the surface 2 inches of soil was a very fine sandy loam with a pH of 6.8 to 7.0. At 2 to 9 inches the soil graded into a silty clay loam (35% clay) with a pH of 7.2. The FERTILIZATION EFFECT Three variables, nitrogen, phosphorus, and season of fertilizer application, were included in a 217 factoral design with three replications at both sites A and B. Each fertilizer treatment was applied to an area 5 by 24 ft. Nitrogen as ammonium nitrate (33.5% N) was applied at rates of 0, 40, 80, and 160 lb/acre and phosphorus as superphosphate (43% PzO,~) was applied at rates of 0, 80, and 100 lb/acre. The fertilizer was placed in bands 10 inches apart to a depth of 2 to 3 inches in the soil by means of small chisels. The nonfertilized treatments were also chiseled. The experimental sites were protected from grazing.
Fertilizer was applied at three seasons of the year, fall (October, 1957) spring (April, 1958) and summer (first week of June, 1958) at site A; and two seasons, spring (April, 1957) and summer (June, 1957) at site B. Fertilizer was applied only at the initiation of the study at each location.
The forage from 2 randomly selected areas (total of 28 ft2) Bolin and Stamberg (1944) and Barton (1948) .
Vegetative composition at each site was determined by the point frame method.
The procedure was similar to that first described by Levy and Madden (1933) . Points of contact were spaced 1 inch apart along a a-foot frame. Two frames were counted per individual plot to determine vegetative composition and plant cover. stituted 23.4, 25.9, 27.6, and 34.9%, respectively, of the total forage yield. In 1960 other species responded to a greater extent than the grasses to residual nitrogen. Other species made up 63.2, 62.0, 58.7, and 50.7% of the total yield in response to residual nitrogen from the 0-, 40-, 80-, and 160-lb nitrogen applications of 1958. The difference in response by grasses in 1959 and 1960 may be due to rainfall distribution.
Increased yields from residual N in 1962 were due to intermediate grasses (Fig. 2) . These native grasses accounted for 46 and 62% of the total yield (by weight) of the nonfertilized and the previously fertilized (160 lb/acre N) forage, respectively. Shortgrass species such as buffalo and blue grama contributed 44 and 32% of the total yield at the same nitrogen additions, respectively.
Site B.-Applications of nitrogen and phosphorus to a predominantly shortgrass range significantly increased forage production.
Forage yields for two seasons are presented in Table 3 . Forage yields the first season increased as the rate of nitrogen application increased. The largest yield was obtained with the 160-lb nitrogen addition in combination with 80 lb of phosphorus. The greatest increase per pound of nitrogen applied, however, was from 40 lb.
In contrast to the initial plant species response on Site A, the increased yields at Site B were due to greater production by native grass species rather than by other species. Nonfertilized other species accounted for 45 and 9% of the total yield at Sites A and B, respectively.
Following the application of 160 lb of nitrogen, the nongrass yields at Sites A and B constituted 88 and 19% of the total yield, respectively.
The time of fertilizer application significantly affected forage production (Table  3 , Fig. 3 ). Spring applications (April, 1957) increased growth of other species Table 3 . Dry mafier, fofal protein yields (lb/acre) and mean phosphorus confeni (%) of forage on a short grass range (site B) as affected by rate (lb/acre) and season of N and P application (1957) and residual fertilizer (1959 Forage yield response to residual fertilizer from the 1957 applications was obtained only in 1958. All fertilizer treatments produced substantially more forage than the nonfertilized treatment. However, differences in yields among fertilizer treatments were small and nonsignificant.
COSPER, THOMAS, AND ALSAYEGH
Seed production.-Nitrogen increased both plant vigor and seed production of western wheatgrass. Forty pounds of nitrogen applied at site A in 1958 nearly doubled the number of seed heads and amount of seed in 1962, while the residual nitrogen from the 80-and 160-lb applications resulted in four times more heads and seeds than on nonfertilized western wheatgrass (Table 4) . The results are averaged for all phosphorus levels and times of fertilizer application. The weight of individual heads decreased as the number produced per unit area increased. Seed heads on nonfertilized grass were larger and heavier than those produced by fertilized grass. Standard seed germination tests showed a ranQe of 80 to 91% viable seed, with perhaps a possible t rend favoring seed from fertilized grass.
Profein Confenf of Forage
Nitrogen fertilizer significantly increased the total protein yield at both sites (Tables 3 and  5 ). The relation between crude FERTILIZATION EFFECT 221
protein yields and rate of nitrogen application was linear up to the highest rate used, 160 lb/acre of nitrogen. The effect of nitrogen and the crude protein percentage was significant only in the first and second year.
Fall and spring fertilizer applications significantly increased crude protein yields above those obtained with a summer application. However, the percent of crude protein was generally higher in summer-fertilized forage. The mean crude protein content of forage at site A was 9.94, 10.26, and 10.65% for fall-, spring-, and summer-applied fertilizer, respectively.
The four-year average crude protein content of other species and grass species on site A was 9.50 and 8.75%, respectively. No differences were found between the protein percentages of grasses and other plant species at site B. The mean crude protein content of the forage was 9.50%.
Crude protein content of all grasses at both sites was below the minimum requirement for beef cattle except in the year 160 lb of nitrogen fertilizer was applied. An 800-lb beef animal requires 0.90 to 1.00 lb/day of digestible protein along with 17.1 lb of dry matter (Morrison, 1962) . Nonfertilized grass at site A in 1958 supplied about 0.56 lb of digestible protein in the required amount of dry matter. The protein digestibility coefficient was estimated at 45% (Morrison, 1962) . Grass species fertilized at the 160-lb nitrogen rate supplied 0.93 lb of digestible protein. The minimum protein requirement could be attained by increasing dry matter intake to 30.7, 24.8, and 21.4 lb/day for grass fertilized with 0,40, and 80 lb of nitrogen, respectively.
Phosphorus Confenf of Forage
Phosphorus content of the forage was dependent on the application rate of nitrogen and phosphorus fertilizers and on the time of application. Phosphorus fertilizer significantly increased the phosphorus content of the forage at both sites (Tables 3 and  5) . Forage at site A fertilized in the summer had a higher phosphorus content than fall-or spring-fertilized forage. However, the time of application had no effect on the phosphorus content at site B.
Botanical composition also influenced the overall phophorus content of the forage. Grass species at site B fertilized with 40, 80, and 160 lb of nitrogen contained 0.133, 0.139, and 0.135% phosphorus. Similar nitrogen addition to other species resulted in phosphorus concentrations of 0.174, 0.169, and 0.191%, respectively. Residual effects from the 160-lb phosphorus application at site A were measured in the third year.
The minimum dry matter requirement (17.1 lb/day) at site B would supply 0.019, 0.024, and 0.026 lb/day of phosphorus, respectively, from grass fertilized with 0, 80, and 160 lb of phosphorus. The daily phosphorus requirement for an 800-lb beef animal is 0.033 lb/day (Morrison, 1962) . At the same phosphorus addition on site A, the minimum dry matter requirement would furnish 0.027, 0.029, and 0.032 lb of phosphorus, respectively, on a grass diet in 1958. Inclusion of other species would greatly increase the daily phosphorus intake. Summary
The effects of nitrogen and phosphorus fertilization on botanical composition, forage yields, and chemical composition of forage from two native ranges in eastern Wyoming were investigated.
A single soil application of nitrogen fertilizer to a deteriorated range site changed the botanical composition from predominantly forbs and shortgrass species to a western wheatgrass and shortgrass composition.
Nitrogen fertilizer applied to a similar soil on which shortgrass species represented 80% of the total vegetation did not alter botanical composition.
Nitrogen fertilization increased both forage production and crude protein yields at each location. The changes in forage yields were associated with botanical composition as well as the amount of nitrogen applied.
The crude protein percentage of the forage was significantly increased by the application of nitrogen fertilizer.
Phosphorus content in the forage increased with the addition of phosphorus fertilizer.
The relation between the protein and phosphorus content of the forage and the minimum requirements of these elements by range cattle are discussed brieflY*
